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SUPPLEMENTARY NOTES
ABSTRACT
The threat of terrorist attacks involving radioactive material mandates the study and development of potential new treatments for bone marrow failure caused by acute radiation injury. A whole body dose of radiation even at levels as low as 1Gy can result in Bone Marrow Failure. Hematopoietic Acute Radiation Syndrome is characterized by bone marrow failure with life threatening neutropenia and thrombocytopenia. In addition to direct injury to hematopoietic cells, radiation is known to induce a pro-inflammatory cytokine storm in which various cell types produce cytokines, chemokines, growth factors and reactive oxygen species that can be especially detrimental to hematopoietic stem cells. Inflammation and oxidative damage induced by radiation exposure are significant contributors to bone marrow failure. We and our collaborators have recently shown that a short EPO-mimetic peptide improves survival in a murine model of acute radiation induced Bone Marrow Failure, however the peptide's molecular mechanism is unknown. The specific hypothesis behind the proposed research project is that the EPOmimetic peptide decreases the mortality rate in a mouse model of radiation induced Bone Marrow Failure by directly inhibiting apoptosis in hematopoietic stem cells.
SUBJECT TERMS
None provided.
Introduction:
Simple, inexpensive and easily accessible therapies for bone marrow failure are currently lacking.
Recently, the cytokine erythropoietin (EPO) has been shown to play an important role in limiting the collateral tissue damage caused by both the inflammatory and oxidative response to injury. Originally viewed as a hormone which stimulates only pro-erythroblasts, EPO is now known to be produced in many tissues, after a temporal delay, to promote healing following injury or infection and to stimulate the production and recruitment of stem cells (Hand and Brines, 2011) The high doses of rhEPO required for tissue protection and inhibition of apoptosis in non-erythroblast (Haiden et al., 2005; Kato et al., 2010; Stasko et al., 2007; Stohlawetz et al., 2000; Wolf et al., 1997a Wolf et al., , 1997b .
The resulting thrombotic complications of ESAs are dose-related (Bohlius et al., 2009 ). The most serious complications associated with ESAs occurred in a recent trial of rhEPO, given at 40,000 IU/day for 3 days after stroke, in which rhEPO-treated patients had a higher rate of intracranial hemorrhage and a higher mortality rate (Ehrenreich et al., 2009 ).
We have recently demonstrated that the hematopoietic and tissue-protective effects of EPO can be separated (Leist et al., 2004) We have also identified a novel cell surface receptor, the Tissueprotective Receptor (TPR), comprised of one classical EPO receptor (EpoR) and a pair of CD131 (beta common) receptor subunits, that may mediate the non-hematopoietic effects of EPO (Brines et al., 2004) . The molecular interaction of EPO with the homodimer erythropoietic receptor complex ((EpoR) 2 ) has been extensively studied and critical regions within EPO that interact with (EpoR) 2 have been identified (Figure 1) . These include portions of helices A and C (site 2) as well as helix D and the loop connecting helices A and B (site 1). . Circled residues show those amino acid residues on the aqueous face of the 4-3 alpha helix B and a linear peptide comprising only these residues was synthesized.
We have developed receptor-selective agents that bind only to TPR and are devoid of EPO-related side effects in animal models. Unlike EPO itself, rhEPO derivatives that bind only to TPR do not increase pro-coagulant activity or effect platelet production [27] . We have now used and published three distinct and successful approaches: (1) to make mutations in rhEPO; (2) to chemically modify rhEPO and (3) to make peptide derivatives of EPO that mimic its 3D structure (Brines et al., 2008) .
Body:
We and our collaborators have now shown that a short EPO-mimetic peptide, Helix-B surface peptide (HBSP), improves survival in a murine model of acute radiation induced Bone Marrow Failure ( Table   1) . Hematopoietic Effects: No consistent increase or decrease was seen in hematocrit, hemoglobin, red blood cell count, reticulocyte count, platelet count, or levels of ferritin or transferrin in 10-day twicedaily dosing in rats and rabbits at up to 6,000 and 3,000 ug/kg/dose, respectively, the highest doses tested, nor in 28 day, twice-daily dosing in rats and rabbits up to 600 and 300 ug/kg/dose, respectively, the highest doses tested. HBSP showed no erythropoietic or hematopoietic activity in multiple animal toxicology studies in the rat and rabbit, nor in any long-term efficacy study with chronic dosing. No evidence of the formation of antibodies that neutralize endogenous EPO activity was observed in any study.
Toxicity Studies: In a standard safety pharmacology assessment program, respiratory and central nervous system function in rats showed no adverse effects at up to the highest dose tested of 6,000 ug/kg. No adverse cardiovascular effects were seen in telemeterized rabbits at up to the highest dose tested of 3,000 ug/kg. In addition, no inhibition of the hERG potassium channel was evident at the highest concentration tested, 30 micromolar (38 mg/ml), in an in-vitro assay using hERG-transfected human embryonic kidney cells. No observable adverse effects were seen at doses of up to 3,000 and 6,000 mg/kg, when administered twice daily repeat-dose studies of ten days' duration in rabbits and rats, respectively. Bacterial reverse mutation and eukaryotic chromosomal aberration studies showed no propensity for HBSP to induce mutagenic or genotoxic effects, up to the highest concentrations tested, 5,000 mg/plate or 5000 mg/mL, respectively.
Clinical studies: Three phase 1 studies have been performed in normal subjects in doses up to 2000 ug in single doses and in a multiple dose regiment up to 1000 ug every 12h for 9 doses. No adverse events were identified in these studies. 
Group
Experimental design and methods:
HL-60, a cell line derived from peripheral blood leukocytes of a 36-year-old Caucasian female with acute promyelocytic cells, were obtained from ATCC and grown in RPMI media containing 10% Fetal Bovine Serum (FBS). New cultures were started at 2 X 10 5 viable cells/mL and subculture at 1 X 10 6 cells/mL. Media was changed every 2 or 3 days. Care was taken to insure that the cells were not at the log phase of growth when all experiments were performed.
NB-4, a promyleocytic cell line, was grown in RPMI 1640 containing 2mM L-glutamine with 10% FBS.
This cell line grows in suspension and was maintained at a density between 0.5x10 6 cells/ml and 1x10 6 cells/ml .
32Dc13, a murine hematopoietic precursor cell line, was grown in DMEM with 10% FBS. Cells were plated at low density and adusted two to three times per day after the addition of fresh media. Cells were differentiated as in (Sood et al., 1999) .
EML Cell line (ATCC CRL-11691), a bone marrow cell line obtained by immortalizing bone marrow cells from male BDF1 mice with a retrovirus, was grown in DMEM with 4mM L-glutamine, 1.5 g/l sodium bicarbonate, 200 ng/ml mouse stem cell factor, 20% fetal bovine serum. Cultures were maintained at the recommended cell concentrations between 4 x10 5 and 2 x 10 6 viable cells/mL and media was changed every 2 to 3 days.
Cells of each cell type were plated a density of 100,000 cells/well then treated with HBSP at the following concentrations 2ng/ml, 4ng/ml, 8ng/ml, 20 ng/ml, 40 ng/ml, 80 ng/ml, 160 ng/ml and 200ng/ml at the following time points: 48 hours prior to induction of apoptosis, 24 hours prior to the induction of apoptosis, at the time of induction of apoptosis, 2 hours after the induction of apoptosis, 6
hours after the induction of apoptosis and 24 hours after the induction of apoptosis. All experiments were completed a minimum of three times and were performed in triplicate.
Apoptosis was induced by irradiating cells with γ-rays (0.1-5 Gy) using a 137 Cesium source delivering a dose rate of 0.82 Gy/min. Cells were then assayed for apoptosis at 48 h after the induction of apoptosis by staining for Annexin V. In brief, cells were harvested, washed and then resuspended in 1X binding buffer at 1.5x10 6 cells/ml. Next, 5 ul of fluorochrome-conjugated Annexin V was added to 100 μL of the cell suspension. Incubated for 10 min at room temperature. Cells were then washed 3 times and stained with propidium Iodide staining solution (Nexcelom). Cells were then stored at 4C in the dark until they were analyzed using a Cellometer 2000 cell viability counter (Nexcelom).
Results:
No statistically significant inhibition of apoptosis was detected at any of the compound doses tested in
any of the cell lines tested. Additional studies were done looking at the effect of HBSP on the apoptosis induced by staurosporine.
apoptosis in the HL-60 cell line using staurosporine. other methods of induction of apoptosis including NMDA and. No statistically significant anti-apoptotic effects were seen under any of the tested conditions.
Objective 2: Isolate and characterize the HBSP receptor from murine and human hematopoietic stem cells using affinity chromatography and mass spectrometry.
Experimental design and methods:
Membrane preparations were made from HL-60, NB-4, 32Dc13 and EML cells attempts were made to co-immunoprecipitate the CD131 molecule with EPOR in these two cells lines. Specifically, cells
were grown to a concentration of 5X106, pelleted, washed once with sterile PBS and then the pellet was solubilized with lysis buffer (1% Triton X100 ( Samples were run on 7.5% gels (Biorad precast gels) and bound proteins were electrically transferred to Immobilon (Millipore) and subsequently immunoblotted to detect the presence of either CD131 (sc-678) or EPOR (sc-697). A positive control consisted of similar extracts made from the erythroleukemic cell line, K562.
cell lines tested. HBSP has radio protective activity in vivo in a murine model of bone marrow failure.
However, at this point, the cellular or molecular mechanisms of this protection is unknown.
Experiments to date, have been aimed at uncovering an anti-apoptotic effect in stem cell precursors.
Future work will be directed toward the study of the hypothesis that like EPO, HBSP may prevent or reverse DNA damage (Rjiba-Touati et al., 2012 and investigating the effects of other molecules that stimulate HIF-1alpha in bone marrow failure (Forristal et al., 2013) .
KEY RESEARCH ACCOMPLISHMENTS
During this grant period, we tested the following hypothesizes:
1) The Epo-mimetic peptide will decrease mortality associated with Bone Marrow Failure secondary to toxic radiation exposure.
2) The Epo-mimetic peptide directly inhibits apoptosis of hematopoietic stem cells
3) The Epo-mimetic peptide binds to the tissue protective receptor complex composed of EPOR and CD131
We found:
 Epo-mimetic peptide decreases mortality associated with bone marrow failure  Epo-mimetic peptide does not inhibit apoptosis in the hematopoietic stem cell lines tested.
 Epo-mimetic peptide does not bind to tissue protective receptor complex composed of EPOR and CD131 in hematopoietic stem cell lines tested.
CONCLUSION:
During this grant period, We found:
HBSP has radio protective activity in vivo in a murine model of bone marrow failure. However, at this point, the cellular or molecular mechanisms of this protection is unknown. Experiments to date, have been aimed at uncovering an anti-apoptotic effect in stem cell precursors. Future work will be directed toward the study of the hypothesis that like EPO, HBSP may prevent or reverse DNA damage (Rjiba-Touati et al., 2012 and investigating the effects of other molecules that stimulate HIF-1alpha in bone marrow failure (Forristal et al., 2013) .
